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As is well known, certain nieteorological conditions 
are exceptionally farorlzble to t.he .inception and the 
s reading of fires in t,he forested regions of this country. 
'l!hese conditions, alt.hough varied and due at  times to 
somewhnt different causes, hnve come to be known, 
for lack of a better term, as i'fire weather." Rewlrcli 
and analytical stmudies of t,he clntrt :rccuniulnted d uring 
a period of years, by members of the Forest Service, 
have shown that, fire-weather types may be somewhnt 
roughlv divided into three clfisses, namelv: 

1. conditions actually cnusi, tive of fires, t,hat is, 
storms accompn.nied by hght,ning. 

2. Conditions favorable for the inception of fires. 
however caused; these are innrked by periods of un- 
usually low nbsolut,e huniidit,y and high temperntures. 

3. Conditions fn.vornhle for t,he spretiding of small 
fires, and the passing beyond control of lnrger ones: 
that is, desiccating winds nnd ot,her winds of from 
moderate to 1iigI.i velocities. 

Any one of these three coatlitions msy occur singly, 
or a combinntion of any two or 011 tmhree may add to the 
difficulties of the sit.unt.ion. 

The three classes do not, include the c.umulative effect 
of the generally high temper:itureu, light precipitation, 
ant1 low humidities of the suiiinier months, which reaches 
its climax in maxima of tires n.nd of damage therefrom 
during August or September, inrismuch as the results 
of such conditions :we pntent to the observation of n l l  
concerned, are of annunl recurrenc:e, and should require 
no specific forecnsts. This seasonal increase in t,he fire 
ha.zard is, however, of rime importance to the estent 
by which it incresses t. R e possibility of danger during 
the occurrence of any or a.11 of the specific classes of 
fire weather. 

It is the belief of representatives of the venous forest 
conservation associations of west,ern America a.nd of 
those members of the Forest Service who are engaged 
in the investigation of the problems of fire prevention 
and fire control that forecasts of the fire-weather con- 
ditions noted above would be invaluable could such 
forecasts be macle s&cient,ly accurate and be localized 
to such an edent  as to justify reliance on them in guid- 
ing the mobilization of the fire preventive and suppres- 
sive forces of the forestry organizritions, with a view to 
minimizing the damage resulting from such fires RS ma.y 
be unavoidably caused either by natural forces or by 
human agencies. 

Forecasts for fire weather have heretofore been and 
me now being made by officials of the Weather Bureau, 
and such forecasts have undoubtedly been of a certain 
value. But the meteorologist knows that the reliability 
of a forecast depends on the amount and accuracy of 
the information as to prevailing conditions that is set 

before its maker. itnd t,hnt for its locnlization it is neces- 
sary that c.ondit,ions in the xtunl  mea under con- 
sideration be known. and that by previous study such 
c.onditions he correhted with the effects of the generd 
distribution of t.he e1ement.s th:] t control the weither. 

At present the forecaster lias before hiin a synoptic 
wea.ther niap which shows co~~ditions as they exist at 
the several stations of the weather services of the United 
States and Canada, and at, such positions on the 9ea.s as 
may be indicated by reports from such vessel weather 
stations a.s are within conimunicn.ting range. Most of 
the land stations are nt, a considerable distance from each 
other, some separat,ecl by hundreds of miles. They are 
located, a.s a rule, in cent.els of habitation, generally in 
cultivated valleys or along the coast, for the most part 
where artificial, rather than natural, conditions obtain. 
Hence the reports as to temperature, wind direction and 
velocity, and precipitation, as they appear on the map, 
are not truly representative of those conditions that exist 
in the forested areas. While the pressure distribution is 
shown as accurately as possible, taking into considera- 
tion the reduction of the observed readings of the barom- 
eter to a sedevel basis, there is still a possibility that 
there may be local variations in pressure sufficiently great 
to influence local conditions, in the spaces between sta- 
tions, which do not appear on the map. Hence the sec- 
tional forecasts for wmd directions and force, while jus- 
tified in general, may be altogether in8 plicable to a c e ~  
tain specfied forest therein. For the P orest areas are, as 
a rule, located on the ru ed slopes of the great mountain 

k is known 
chains of the West, an T in the intervemn valleys, at  

erature that is issued to interested parties in the fruit- 
gost districts does not de end only on conditions as they 
are shown on the genera Ip weather map, but is modified 
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b what the field observer has learned of the peculiarities 

scheme of things. And it has been found, during this 
frost work, that local topography, by its influence on air 
currents and humidity, causes changes in local conditions 
to such an extent that widely varying forecasts are some- 
times required for two almost contiguous sections, and 
that w i t h  a section points but a few miles distant froni 
each other vary greatly as to minimum temperatures, 
according to thek relative situation. The forecasts are 
becoming more reliable from season to season with the 
collection and analysis of additional data. 

While the analogy between forecasting minimum tem- 
peratures and forecasting f i e  weather is by no means 
complete, it is sufficiently so that in studying the prob- 
lems arisin 

produce similarly favorable results ? " And the conclu- 
sion is that there exists so much of a possibility of 
favorable results that to make the e-xperunent is well 
worth while. 

Thanks to the researches of various members of the 
national Forest Service we know exactly what we wish 
to attempt, which simplifies matters considerably. 
That is, we desire to forecast thunderstorms, both local 
and general, and to determine in advance, if possible, 
the probability of comparatively hght or heavy precipi- 
tation accompanying a even  storm; to forecast, a day 
or so in advance, a penod of unusually low humidity 
with its conse uent lowerin of the moisture content of 

reliably the changes in force and direction of the winds 
in the dzerent sections of the forest. 

There is reason to believe that, with sufEcient local 
data to supplement that of the eneral weather map, 

least. This ma not be ossible duri the first season's 

observational and analytical study of the topographical 
and meteorological eculiarities of the regions involved 

patience. 
A tentative outline for such a project has been pre- 

Whether or not it can be put into operation 
#::tds on the appropriation of the funds necessary 
for procuring the required instrumental equipment and 
defra ing the ecipenses for salaries, transpdrtation, ancl 
the %e, incidental thereto Considerations of economy 
will also dictate that untii the feasibilit and value of 

experiment be limited to three or four selected areas, 
which would undoubtedly be those concerning which the 
greatest amount of information is now available, and 
where there may be the greatest possibilities of cooper- 
ation between the workers of the Forest Service and 
those of the Weather Bureau. 

To inaugurate such a surve will be no ht task. 

ologist in each area, su plmented by the assistance of 

ma be available. 
Zside from the more immediate results of a compre- 

hensive series of meteorological observations in the forest 
that may be ex ected from such a course, a wide ancl 
fascinating fie12 of study is opened. The greatest 
single cause of forest fires is hghtning. Lightning fires 
vary in number from year to year but for one decade in 
Cahfornia, as stated by Messrs. Show and Kotok in 
their very comprehensive paper on forest fires in Cali- 
fornia for the period 1911-1920, they aggregated 41.5 

o f the local situation and their relation to the general 

under the latter head the query naturall 
arises, " Wi ? 1 not a somewhat similar method of a t t a d  

9 the duff and E 'tter of the s orest floor; and to predict 

such results may be accomplishe d , in certain areas at 

work, but sho J d be w i t k  a reasonab Il5 e time, for much 

will be entailed, a R of which will require tiine and 

such an undertaking have been fully t i  eterrnined the 

It will require the services of at  s east one train 3 meteor- 

local members of the P orest Service or such others as 

per cent of the total number of fires. Such fires are the 
result both of local storms, most numerous in certain 
areas that have been tentatively defined by these investi- 
gators, and also of the general storms that cross the 
continent from west to east. Individual storms of the 
latter class have at times been res onsible for great 

per storni having been recorded on at least two occa- 
sions-with a consequent overthxing of the fire-control 
system of the Forest Service and pro ortionately reat 

conflagrations and in the value of the timber destroyed. 
Here we have a pressing incentive to the detailed study 
of such henomena, so that we may devise means of 
iving sukcient warning to the responsible services that 

8re preventive and sup ressive forces may be mobilized 

y b l e .  We have their prevention, naturally, is not 
ample information as to the origin an causes of thunder- 
storms and the weather types during which they are 
most common. It therefore seems quite within the 
realm of possibility that, havin adequate local data 

general information afforded by the synoptic chart, we 
ma determine that certain combinations of conditions 
w d o r  will not result in thunderstorms over a given 
area, this some hours in advance of the actual occurrence 
and with a suf€icient percentage of accuracy as to be of 
value to those concerned. Also, perhaps somewhat 
later, the determined moisture content of the lower air 
mass and the direction of the currents, with a detailed 
knowledge of the changes to be ex ected from the 
predetermined movements, may enab P e us to make a 
very fair forecast as to the relative amount of precipita- 
tion to be ex ected from a certain storm, that is, whether 

t h e  value of a forecast of this nature, if such be found 
feasible, is obvious. 

That combination of conditions giving us the second 
eneral type of fire weather, namely, low humidity and 

figh temperatures, is also, in its local manifestations, the 
result of a combination of general pressure distributiop 
and the influences of local topography. Given the records 
from a season or two of such observations as have been 
dekribed and to my mind the possibilities for an accurate 
12 or 24 hour forecast of these factors me most favorable. 
First, curves for humidihy and temperature vary, in a 
fashion well known, during the chan e from the predomi- 

give a working basis. To forecast ensuing m&.xima, with 
the aid of the weather ma and of h wometric formula 
which may be developed &odd not k undul difficult. 

merit have been developed a t  widely distant stations on 
the Paci6c coast for use in conjunction with other data 
available iu forecasting maximum and minimum tem- 
peratures. Given, then, the expected m&uimum, accu- 
rate to within two or three degrees, and the nmeasa 
information as to the distribution of the centers of h' 
and low pressure and their movements, it should 4 e 
feasible to produce a curve of the expected humidity. 
For this factor the absolute humidity, as expressed by 
the vapor pressure or the temperature of the dew point, 
would have to be used, as tending toward a more even 
curve than would the percentage of relative humidity, 
which fluctuates so greatly with changes of temperature. 
Or the eva oration factor mag be used as the basis of 

the curve. fnasmuch as intensive investigations are at 
present being carried on by the Forest Service as to the 

numbers of fires scattered over a wi $ e area-over 300 

public loss, both in the cost of contro I;. of the res 3 tant 

in tune to minimize t R e damage from such fires, as 

as to air niovements and humi P ity, together with the 

com arativey P light or heavy over the different topo- 
rap %1 'cal sections of the area over which it passes. 

nating influence of a HIGH to that o P a LOW. This would 

Here it may be said that hygrometric form d of real 
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relation between atmospheric humidity, AS expressed by 
the rate of evaporation, and the moisture content of the 
duff and litter of the forest floor, the develo rnent of 
reliable forecasts of evaporation rates would t: e highly 
desirable. I t  is realized, of course, that evaporation is 
also affected greatly by the winds, so that any attempt 
at such a forecast would have to take into consideration 
the expected velocity of the air currents, their direct,ion, 
and the nature of the terrain whence they come, as affect- 
ing their moisture content. Truly a coniplex enou h 
problem, at first sight, but one which may well f e  
solved-given the time and means for the proper study 
of its constituent factors. 
On looking into the robleni of forecastin the third 

spreading of fires already in existence-we also find an 
amply co plex situation. To t.he effects of the distribu- 
tion of t g  centers of barometric pressure we riiust add 
the o position to the general air movement that is afForded 

sharp differences in temperature over contiguous areas, 
and the diurnal changes caused by convection during the 
day and the descending hill or mountain breezes a t  night, 
and, also, the intense convection caused by a widespread 
fire, if such be in pro ess. Having the weather map, 

consideration, the forecasting of winds should present 110 
insurmountable difficulty. 

type of fire weather-t R at is, winds favorn Q le for the 

by t % e inequalities of locd topography, tahe effwk of 

however, and a thoroug T knowledge of the locality under 

In  speaking of the use of formuls and curves as aids 
to forecasting one does not wish to im l-y that the are 

ever, from relictble data, the & become of use in the 
delimitation of what may {e expected under normal 
conditions. The forecaster must also take into consid- 
eration all attendant circumstances that niay come or 
be brought to his attention, from all sources available, 
and then employ both his judgment and his intuition. 
Nor is it desired to convey the impression that completely 
reliable forecasts can he ninde from the moment that the 
collection of local dat-a is begun. The nuniber and variety 
of the forces that, affect the weather and the difficulty in 
securing adequate information in advance must be con- 
sidered. Time mill be required for the collection of the 
required data and for its study and correlation. 

A very oenertil statement only of what may be 
attempted been made. I t  would be useless and 
somewhat difficult tn go int,o iiiore specific detail. But, 
knowing whnt is requirort and what he must try to acconi- 
plish, and with a well-defined idea as to methods, the 

by any means infallible. When roper P y produced, iow- 

individual investigator will have to ada 
to the part,icular roblaiis presented 
which he is assigneb: And it is ho ed 
t.hrough the cooperation of the loca 1: 
foremster, and the members of the Forest Service, the 
accuracy and timeliness of forecash for fire weather niay 
be great-ly improved. 

RELATION O F  WEATHER FORECASTS T O  T H E  PREDICTION O F  DANGEROUS FOREST FIRE CONDITIONS.’ 

By R. H.  WEIDMAN. 
[Priest River Experheat Station, United States Forest Service, September 10,1923.1 

The purpose of predicting dangerous forest-fm con- 
ditions, of c o w ,  is to reduce the great cost and damage 
caused by forest fires. In the region of Montana and 
northern Idaho alone the average cost to the United 
States Forest Service of fire rotection and suppression 

enforcement, there always will be forest fires started by 
lightning and other causes when conditions in the forest 
are dangerous. If the dangerous fire conditions, however, 
can be predicted a few days in advance, the fire-protection 
organization can be pre ared to find and suppress fires 

To predict dangerous fire conditions in the forest, it 
is necessary to know exactly what constitutes such condi- 
tions. The material in the forest which burns is of first 
interest. Taking wood as a fuel, it is clear that if wood 
is dry it burns readily; if it is wet it does not. The 
important factor in this case, therefore, is the moisture 
content of the materials which com rise the fuel of forest 
, h s .  Thus, if the forester knows t 1 e different degrees of 
inflammability of the fuel in terms of differences in its 
moisture content, it is possible for hirn to state definitely 
for to-morrow or the next day what influence the ap- 
proaching weather will have in makin it drier or wetter; 

The moisture contained in duff and other debris on 
the forest floor is influenced, of course, by various weather 
elements. The materials absorb moisture chiefly from 
the atmosphere in the form of rain .md humidity. In  
summer it IS largely the relative humidity of the air which 
causes changes 111 the moisture content of the materials. 
Duff, which is the layer of matted needles on the forest 
floor, especially responds to the changes in relative humid- 

is over $1,000,000 a ear. A P though the causes of forest 
fires will gradually %I e reduced by education and law 

when they aie small an z easy to control. 

111 other words, more inflammable or K ess inflammable. 

. With high relative humidity at night the duff is 
re ‘7 atively damp; with low relative humidity in the day- 
tinie, it  becomes dry. When the relative humidity is 
consistently low for several days in succession, the duff 
loses more and more of its moistu-ometimes, in the 
white pine forest of northern Idaho, dropping to as low 
as 3 per cent of its oven-dry weight. 

By inflnniniability tests it is known that when moisture 
content of duff in this region is about 1 
iiiri terial is readily inflmun3ble. Below 9 t IS nioisture the 
content it is estremely inflammable; above it, it gradunlly 
becomes less inflmniable until a moisture content of 
about 17 er cent is reached, when it is difficult for a 
cnmp d 6 s d  rendily in this mntarial. When dufI 
has a moisture content of . it would be diffi- 
cult for lwge forest fires t o w  
As relative humidity is the most important factor in 

changing the inflnmmability of forest materials in sum- 
mer, the question may be asked: “Why not use relative 
humidity HS an index?” The answer is that relative 

consistently. for the reason that chAngeajgm-omon- 
tent-of wood imterials lag behind c es u 

rol&h&iity, t-uve, and maishunwax&@ of 
innteri ls-+mrely,!q e_cyilibrjyn. lKoreover, there is 
an i&e variation in their relations, as il result of not 
being in e uilibrium. A few actual measurements will 
illustrate t 9; is better than words. The h t  part of the 
following tnbulntion shows the temperature, relative 
humidity, and esisting moisture content of duff as 
measured at  the Priest River Experiment Station; the 
second part shows the moisture content of wood in 

h m h . . m L & a . + h d b h  am-= 

hlaseidit tern&--&. . of tge air. Another In  nilture dist- the-ments- heEam 


